Cross-Reference to Related Application 

This is a continuation of Application PCT/ JP02/08464 , 
filed August 22, 2002, now abandoned. 

5 TITLE OF THE INVENTION 

POWER OUTPUT APPARATUS AND HYBRID VEHICLE WITH POWER 
OUTPUT APPARATUS MOUNTED THEREON 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

The present invention relates to a power output 
apparatus and a hybrid vehicle with a power output 
apparatus mounted thereon. More specifically the 
invention pertains to a power output apparatus that 
15 outputs power to a drive shaft, as well as to a hybrid 
vehicle with such a power output apparatus mounted 
thereon . 

2. Description of the Prior Art 

Various power output apparatuses mounted on a hybrid 
20 vehicle have been proposed, where an output shaft of an 
internal combustion engine and rotating shafts of two 
motors are connected with respective shafts of a planetary 
gear (for example, JAPANESE PATENT LAID-OPEN GAZETTE No. 
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9-56009) . The power output apparatus has an oil pump that 
feeds a supply of lubricating oil to mechanical part 
including the planetary gear and is attached to the output 
shaft of the internal combustion engine or a drive shaft. 
5 In a hybrid vehicle with the power output apparatus 

including the oil pump attached to the output shaft of the 
internal combustion engine, however, a sufficient supply 
of lubricating oil to the planetary gear is not assured 
in an EV drive mode, where the hybrid vehicle runs with 

10 the power from the motor, while the internal combustion 
engine is at a stop. In a hybrid vehicle with the power 
output apparatus including the oil pump attached to the 
drive shaft, on the other hand, a sufficient supply of 
lubricating oil to the planetary gear is not ensured in 

15 a stop- time charging mode, where a battery mounted on the 
hybrid vehicle is charged with power from the internal 
combustion engine, while the vehicle is at a stop. 

One possible measure against this problem attaches 
separate oil pumps to the output shaft of the internal 

20 combustion engine and to the drive shaft. Attachment of 
the multiple oil pumps , however, undesirably increases the 
number of components included in the vehicle and raises 
the total weight of the vehicle. Another possible measure 
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uses an electrically- driven oil pump that does not gain 
the power from the output shaft of the internal combustion 
engine or the drive shaft. This electrically-driven oil 
pump converts the power output from the internal 
5 combustion engine into electric power and actuates with 
the converted electric power. The electrically- driven 
oil pump thus lowers the overall energy efficiency of the 
vehicle, compared with the oil pump that actuates with the 
power from the output shaft of the internal combustion 
10 engine . 

SUMMARY OF THE INVENTION 

The power output apparatus of the invention aims to 
actuate lubricating oil supply means , which is driven with 

15 power from an output shaft of an internal combustion engine, 
and ensure a required supply of lubricating oil, even while 
the internal combustion engine is at a stop. The power 
output apparatus of the invention also aims at smooth 
lubrication of mechanical part . The hybrid vehicle of the 

20 invention aims to reduce the number of components and still 
improve the overall energy efficiency of the vehicle. 

In order to attain at least part of the above and 
the other related objects, the power output apparatus of 
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the invention and the hybrid vehicle with the power output 
apparatus mounted thereon have the constructions 
discussed below. 

A power output apparatus of the invention outputs 
5 power to a drive shaft and includes: an internal combustion 
engine; a drive shaft motor that is capable of inputting 
and outputting power to and from the drive shaft; a 
three-shaft- type power input output mechanism connecting 
with an output shaft of the internal combustion engine, 

10 the drive shaft, and a rotating shaft, where settings of 
power input and output to and from any two shafts among 
the three shafts automatically specify a setting of power 
input and output to and from a residual shaft among the 
three shafts; a rotating shaft motor that is capable of 

15 inputting and outputting power to and from the rotating 
shaft; a secondary battery that transmits electric power 
to and from the drive shaft motor and the rotating shaft 
motor; a lubricating oil feed pump that is driven by power 
of the output shaft of the internal combustion engine to 

20 feed a supply of lubricating oil to at least a portion of 
mechanical part of the power output apparatus; and a 
controller that, when a predetermined condition is 
fulfilled in an operation stop state of the internal 



4 



combustion engine, controls actuation of the rotating 
shaft motor to drive the lubricating oil feed pump with 
the power output to the output shaft of the internal 
combustion engine via the three-shaft-type power input 
5 output mechanism. 

The power output apparatus of the invention controls 
actuation of the rotating shaft motor to drive the 
lubricating oil feed pump with the power output to the 
output shaft of the internal combustion engine via the 

10 three-shaft-type power input output mechanism, when the 
predetermined condition is fulfilled in the operation stop 
state of the internal combustion engine. Namely the 
control drives the rotating shaft motor to ensure output 
of the power, which is required for actuation of the 

15 lubricating oil feed pump, to the output shaft of the 
internal combustion engine. This arrangement activates 
the lubricating oil feed pump to ensure the supply of 
lubricating oil to at least a portion of the mechanical 
part of the power output apparatus, which requires the 

20 supply of lubricating oil, even when the internal 
combustion engine is at a stop. The lubricating oil feed 
pump is connected to the output shaft of the internal 
combustion engine via the damper. The rotating shaft 
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motor, the drive shaft motor, and the lubricating oil feed 
pump are arranged in series . 

In one preferable application of the power output 
apparatus of the invention, the predetermined condition 
5 applied for the control executed by the controller is an 
ON condition of a starter switch for starting the power 
output apparatus . This arrangement ensures the supply of 
lubricating oil to at least a portion of the mechanical 
part of the power output apparatus, which requires the 
10 supply of lubricating oil at a start of the power output 
apparatus . 

In this application of the power output apparatus 
of the invention where the lubricating oil feed pump is 
driven in the ON condition of the starter switch, the 

15 controller may adopt a condition that an elapsed time since 
a stop of operation of the power output apparatus reaches 
at least a preset time period, as the predetermined 
condition of the control. The supplied lubricating oil 
drips from the mechanical part to be accumulated in a sump 

20 with elapse of time. Actuation of the lubricating oil feed 
pump after elapse of the preset time period since the stop 
of operation thus ensures a sufficient supply of 
lubricating oil to the mechanical part, which requires the 
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supply of lubricating oil. 

The power output apparatus of this application, in 
which the lubricating oil feed pump is driven in the ON 
condition of the starter switch, may further have a 
5 temperature sensor that measures temperature of the 
lubricating oil . In this embodiment , the controller adopts 
a condition that the temperature of the lubricating oil 
measured by the temperature sensor is not less than a 
preset first lubricating oil temperature in an operation 

10 stop state of the power output apparatus immediately 
before an ON operation of the starter switch, as the 
predetermined condition of the control. In another 
embodiment, the controller adopts a condition that the 
temperature of the lubricating oil measured by the 

15 temperature sensor is not greater than a preset second 
lubricating oil temperature at an ON time of the starter 
switch, as the predetermined condition of the control. 
The lubricating oil has the lower viscosity at the higher 
temperature. The higher temperature of the lubricating 

20 oil at the stop time of operation of the power output 
apparatus enhances the easiness in dripping of the 
lubricating oil from the mechanical part to be accumulated 
in the sump. The lubricating oil feed pump is activated 
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when the temperature of the lubricating oil in the 
operation stop state of the power output apparatus is not 
less than the preset first lubricating oil temperature, 
which reflects the easiness in dripping of the lubricating 
oil from the mechanical part. This ensures a sufficient 
supply of lubricating oil to the mechanical part, which 
requires the supply of lubricating oil. The lubricating 
oil generally has the higher viscosity and the difficulty 
in circulation at the lower temperature. The lower 
temperature of the lubricating oil indicates the longer 
elapsed time since the stop of operation of the power 
output apparatus. The lubricating oil feed pump is thus 
activated when the temperature of the lubricating oil at 
the ON time of the starter switch is not greater than the 
preset second lubricating oil temperature, which reflects 
the difficulty in circulation of the lubrication oil and 
the elapsed time since the stop of operation of the power 
output apparatus. This arrangement ensures a sufficient 
supply of lubricating oil to the mechanical part, which 
requires the supply of lubricating oil. 

Moreover, the power output apparatus of the 
application, in which the lubricating oil feed pump is 
driven in the ON condition of the starter switch, may have 
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a temperature sensor that measures temperature of the 
drive shaft motor. In this embodiment, the controller 
adopts a condition that the temperature of the drive shaft 
motor measured by the temperature sensor is not less than 
5 a preset first motor temperature in an operation stop state 
of the power output apparatus immediately before an ON 
operation of the starter switch, as the predetermined 
condition of the control. In another embodiment, the 
controller adopts a condition that the temperature of the 

10 drive shaft motor measured by the temperature sensor is 
not greater than a preset second motor temperature at an 
ON time of the starter switch, as the predetermined 
condition of the control. Furthermore, the power output 
apparatus of the application, in which the lubricating oil 

15 feed pump is driven in the ON condition of the starter 
switch, may have a temperature sensor that measures 
temperature of the rotating shaft motor. In this 
embodiment, the controller adopts a condition that the 
temperature of the rotating shaft motor measured by the 

20 temperature sensor is not less than a preset third motor 
temperature in an operation stop state of the power output 
apparatus immediately before an ON operation of the 
starter switch, as the predetermined condition of the 
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control. In another embodiment, the controller adopts a 
condition that the temperature of the rotating shaft motor 
measured by the temperature sensor is not greater than a 
preset fourth motor temperature at an ON time of the 
starter switch, as the predetermined condition of the 
control. The temperatures of the drive shaft motor and the 
rotating shaft motor in the operation stop state of the 
power output apparatus reflect the temperature of the 
lubricating oil at the moment and the easiness in dripping 
of the lubricating oil from the mechanical part. The 
lubricating oil feed pump is activated when the 
temperature of the drive shaft motor or the temperature 
of the rotating shaft motor in the operation stop state 
of the power output apparatus is respectively not less than 
the preset first motor temperature or not less than the 
preset third motor temperature, which reflects the 
easiness in dripping of the lubricating oil from the 
mechanical part. This arrangement ensures a sufficient 
supply of lubricating oil to the mechanical part , which 
requires the supply of lubricating oil. The temperatures 
of the drive shaft motor and the rotating shaft motor at 
the ON time of the starter switch reflect the temperature 
of the lubricating oil at the moment, the easiness in 
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circulation of the lubricating oil to the mechanical part, 
and the elapsed time since the stop of operation of the 
power output apparatus. The lubricating oil feed pump is 
thus activated when the temperature of the drive shaft 
5 motor or the temperature of the rotating shaft motor at 
the ON time of the starter switch is respectively not 
greater than the preset second motor temperature or not 
greater than the preset fourth motor temperature, which 
reflects the easiness in circulation of the lubricating 

10 oil to the mechanical part and the elapsed time since the 
stop of operation of the power output apparatus. This 
arrangement ensures a sufficient supply of lubricating oil 
to the mechanical part, which requires the supply of 
lubricating oil. 

15 The power output apparatus of the application, in 

which the lubricating oil feed pump is driven in the ON 
condition of the starter switch, may have a temperature 
sensor that measures temperature of the internal 
combustion engine. In this embodiment, the controller 

20 adopts a condition that the temperature of the internal 
combustion engine measured by the temperature sensor is 
not greater than a preset combustion engine temperature 
at an ON time of the starter switch, as the predetermined 
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condition of the control. The temperature of the internal 
combustion engine at the ON time of the starter switch 
reflects the temperature of the lubricating oil at the 
moment, the easiness in circulation of the lubricating oil 
5 to the mechanical part, and the elapsed time since the stop 
of operation of the power output apparatus. The 
lubricating oil feed pump is thus activated when the 
temperature of the internal combustion engine at the ON 
time of the starter is not greater than the preset internal 

10 combustion engine temperature, which reflects the 
easiness in circulation of the lubricating oil to the 
mechanical part and the elapsed time since the stop of 
operation of the power output apparatus. This 
arrangement ensures a sufficient supply of lubricating oil 

15 to the mechanical part, which requires the supply of 
lubricating oil. The temperature of the internal 
combustion engine includes the temperature of the internal 
combustion engine itself and the temperature of a cooling 
medium used for cooling the internal combustion engine. 

20 In the application of the power output apparatus 

of the invention where the lubricating oil feed pump is 
driven in the ON condition of the starter switch, the 
controller may adopt a condition that makes the drive shaft 
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motor output power to the drive shaft, as the predetermined 
condition of the control. This condition causes the drive 
shaft motor to output the power to the drive shaft, while 
the internal combustion engine is at a stop. When the 
internal combustion engine is actuated immediately after 
a start of the power output apparatus, the lubricating oil 
feed pump is driven with the power from the internal 
combustion engine to feed a supply of lubricating oil to 
the mechanical part, which requires the supply of 
lubricating oil. In the case of direct output of the power 
from the drive shaft motor to the drive shaft, however, 
the lubricating oil feed pump is not driven and no supply 
of lubricating oil is fed to the mechanical part, which 
requires the supply of lubricating oil. Actuation of the 
lubricating oil feed pump at the timing of activation of 
the starter switch to make the drive shaft motor output 
power to the drive shaft effectively ensures a sufficient 
supply of lubricating oil to the mechanical part, which 
requires the supply of lubricating oil. 

In the power output apparatus of the invention, the 
controller may adopt a condition that the drive shaft motor 
is outputting power to the drive shaft, as the 
predetermined condition of the control. When the drive 
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shaft motor is outputting power to the drive shaft in the 
operation stop state of the internal combustion engine, 
the output shaft of the internal combustion engine 
generally stops its rotation. No power is thus given from 
5 the output shaft of the internal combustion engine to the 
lubricating oil feed pump. In this state, the rotating 
shaft motor is driven to activate the lubricating oil feed 
pump and thereby feed a supply of lubricating oil to the 
mechanical part, which requires the supply of lubricating 
10 oil. 

The power output apparatus of this application, in 
which the lubricating oil feed pump is actuated under the 
condition that the drive shaft motor is outputting power 
to the drive shaft in the operation stop state of the 

15 internal combustion engine, may further have a temperature 
sensor that measures temperature of the lubricating oil. 
In this embodiment, the controller adopts a condition that 
the temperature of the lubricating oil measured by the 
temperature sensor is not less than a preset third 

20 lubricating oil temperature, as the predetermined 
condition of the control. The temperature of the 
lubricating oil reflects the temperature of the mechanical 
part, which requires the lubricating oil. The higher 



temperature of the lubricating oil leads to the higher 
temperature of the mechanical part, which requires the 
lubricating oil, and heightens the potential for a 
burn-out of the mechanical part. The lubricating oil feed 
5 pump is thus driven when the temperature of the lubricating 
oil is not less than the preset third lubricating oil 
temperature, which reflects the potential for a burn-out 
of the mechanical part- This arrangement ensures a 
sufficient supply of lubricating oil to the mechanical 

10 part, which requires the supply of lubricating oil and has 
the potential for a burn-out. 

The power output apparatus of this application, in 
which the lubricating oil feed pump is actuated under the 
condition that the drive shaft motor is outputting power 

15 to the drive shaft in the operation stop state of the 
internal combustion engine, may further have a temperature 
sensor that measures temperature of the drive shaft motor. 
In this embodiment, the controller adopts the temperature 
of the drive shaft motor measured by the temperature sensor 

20 is not less than a preset fifth motor temperature, as the 
predetermined condition of the control. The power output 
apparatus of this application may further have a 
temperature sensor that measures temperature of the 
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rotating shaft motor. In this embodiment, the controller 
adopts the temperature of the rotating shaft measured by 
the temperature sensor is not less than a preset sixth 
motor temperature, as the predetermined condition of the 
control. The temperatures of the drive shaft motor and the 
rotating shaft motor reflect the temperature of the 
lubricating oil and the temperature of the mechanical part, 
which requires the supply of lubricating oil. The higher 
temperatures of the drive shaft motor and the rotating 
shaft motor lead to the higher temperature of the 
mechanical part, which requires the lubricating oil, and 
heightens the potential for a burn-out of the mechanical 
part. The lubricating oil feed pump is thus driven when 
the temperature of the drive shaft motor or the temperature 
of the rotating shaft motor is respectively not less than 
the preset fifth lubricating oil temperature or not less 
than the preset sixth lubricating oil temperature, which 
reflects the potential for a burn-out of the mechanical 
part. This arrangement ensures a sufficient supply of 
lubricating oil to the mechanical part, which requires the 
supply of lubricating oil and has the potential for a 
burn-out . 

The power output apparatus of this application, in 
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which the lubricating oil feed pump is actuated under the 
condition that the drive shaft motor is outputting power 
to the drive shaft in the operation stop state of the 
internal combustion engine, may further have a speed 
5 sensor that measures a revolving speed of the drive shaft. 
In this embodiment, the controller adopts a condition that 
the revolving speed of the drive shaft measured by the 
speed sensor is not less than a preset first revolving 
speed, as the predetermined condition of the control. The 

10 power output apparatus of the invention may further have 
a speed sensor that measures a revolving speed of the 
rotating shaft. In this embodiment, the controller adopts 
a condition that the revolving speed of the rotating shaft 
measured by the speed sensor is not less than a preset 

15 second revolving speed, as the predetermined condition of 
the control. The revolving speeds of the drive shaft and 
the rotating shaft reflect the temperature of the 
lubricating oil raised by mechanical f rictional energy and 
the temperature of the mechanical part, which requires the 

20 supply of lubricating oil. The higher revolving speeds 
of the drive shaft and the rotating shaft lead to the higher 
temperature of the mechanical part, which requires the 
lubricating oil, and heightens the potential for a 



17 



burn-out of the mechanical part . The lubricating oil feed 
pump is thus driven when the revolving speed of the drive 
shaft or the revolving speed of the rotating shaft is 
respectively not less than the preset first revolving 
5 speed or not less than the preset second revolving speed, 
which reflects the potential for a burn-out of the 
mechanical part. This arrangement ensures a sufficient 
supply of lubricating oil to the mechanical part, which 
requires the supply of lubricating oil and has the 

10 potential for a burn-out. 

In one application of the power output apparatus of 
the invention, the controller controls actuation of the 
rotating shaft motor to drive the lubricating oil feed pump 
for a predetermined time period, when the predetermined 

15 condition is fulfilled. The arrangement enables just a 
required quantity of lubricating oil to be fed to the 
mechanical part. This desirably prevents unnecessary 
energy consumption and thus improves the overall energy 
efficiency of the power output apparatus. 

20 In still another application of the power output 

apparatus of the invention, the controller controls 
actuation of the rotating shaft motor to rotate the output 
shaft of the internal combustion engine at a predetermined 
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revolving speed. In this application of the power output 
apparatus of the invention, the predetermined revolving 
speed may be approximate to an idling engine speed. The 
lubricating oil feed pump is generally designed to exert 
5 its functions when the internal combustion engine is 
driven at the idling engine speed. The actuation control 
of the rotating shaft motor thus drives the lubricating 
oil feed pump to rotate the output shaft of the internal 
combustion engine at the revolving speed approximate to 

10 the idling engine speed. This arrangement desirably 
prevents unnecessary energy consumption. 

In the power output apparatus of the invention, the 
lubricating oil feed pump may feed the supply of 
lubricating oil to the three-shaft- type power input output 

15 mechanism. This arrangement ensures a sufficient supply 
of lubricating oil to the three-shaft- type power input 
output mechanism. 

The power output apparatus of the invention is 
mounted on a hybrid vehicle having a drive shaft that is 

20 mechanically linked with drive wheels. The hybrid 
vehicle of this arrangement effectively ensures actuation 
of the lubricating oil feed pump to feed the supply of 
lubricating oil to at least a portion of the mechanical 



part of the power output apparatus, which requires the 
supply of lubricating oil, even while the internal 
combustion engine is at a stop. The hybrid vehicle also 
exerts the function of feeding the supply of lubricating 
5 oil to the mechanical part according to the requirements 
and has the improved overall energy efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically illustrates the construction 
10 of a hybrid vehicle 20 with a power output apparatus 
mounted thereon in one embodiment of the invention ; 

Fig. 2 is a flowchart showing a start- time oil pump 
actuation routine executed by the hybrid electronic 
control unit 70 in response to an ON operation of the 
15 ignition switch 80 in the embodiment. 

Fig. 3 is a flowchart showing an end-of -drive 
processing routine executed by the hybrid electronic 
control unit 70 in response to an OFF operation of the 
ignition switch 80 in the embodiment; 
20 Fig. 4 is an alignment chart showing the revolving 

speeds of the respective shafts in the power distribution 
integration mechanism 30 when the crankshaft 26 rotates 
at an idling engine speed at a start time; 
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Fig. 5 is a flowchart showing an EV drive-mode oil 
pump actuation routine executed by the hybrid electronic 
control unit 70 in an EV drive mode in the embodiment; 

Fig. 6 is an alignment chart showing the revolving 
5 speeds of the respective shafts in the power distribution 
integration mechanism 30 before the crankshaft 26 rotates 
at the idling engine speed in the EV drive mode; and 

Fig. 7 is an alignment chart showing the revolving 
speeds of the respective shafts in the power distribution 
10 integration mechanism 30 when the crankshaft 26 rotates 
at the idling engine speed in the EV drive mode. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One mode of carrying out the invention is discussed 

15 below as a preferred embodiment. 

Fig. 1 schematically illustrates the construction 
of a hybrid vehicle 20 with a power output apparatus 
mounted thereon in one embodiment of the invention. The 
hybrid vehicle 20 of the embodiment includes an engine 22, 

20 a three-shaft- type power distribution integration 
mechanism 30 connecting with a crankshaft 26 or an output 
shaft of the engine 22 via a damper 28, a motor MG1 that 
is connected with the power distribution integration 
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mechanism 30 and is capable of generating electric power, 
a MG2 that is also connected with the power distribution 
integration mechanism 30, an oil pump 60 that feeds a 
supply of lubricating oil to mechanical part including the 
power distribution integration mechanism 30, and a hybrid 
electronic control unit 70 that controls the whole power 
output apparatus . 

The engine 22 is an internal combustion engine that 
utilizes a hydrocarbon fuel, such gas gasoline or light 
oil, to output power. An engine electronic control unit 
(hereafter referred to as engine ECU) 24 inputs signals 
from a diversity of sensors that detect driving conditions 
of the engine 22, for example, a water temperature sensor 
25 that measures the temperature of cooling water for 
cooling down the engine 22, and controls operations of the 
engine 22, for example, through fuel injection control, 
ignition control, and intake air flow regulation. The 
engine ECU 24 communicates with the hybrid electronic 
control unit 70 to control the operations of the engine 
22 in response to control signals output from the hybrid 
electronic control unit 70 and to output data regarding 
the driving conditions of the engine 22 to the hybrid 
electronic control unit 70 according to the requirements. 
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The power distribution and integration mechanism 30 
has a sun gear 31 that is an external gear, a ring gear 
32 that is an internal gear and is arranged concentrically 
with the sun gear 31, multiple pinion gears 33 that engage 
5 with the sun gear 31 and with the ring gear 32 , and a carrier 
34 that holds the multiple pinion gears 33 in such a manner 
as to allow free revolution thereof and free rotation 
thereof on the respective axes. Namely the power 
distribution and integration mechanism 30 is constructed 

10 as a planetary gear mechanism that allows for differential 
motions of the sun gear 31 , the ring gear 32 , and the carrier 
34 as rotational elements. The carrier 34, the sun gear 
31, and the ring gear 32 in the power distribution and 
integration mechanism 30 are respectively coupled with the 

15 crankshaft 26 of the engine 22 , the motor MG1 , and the motor 
MG2 . While the motor MG1 functions as a generator, the 
power output from the engine 22 and input through the 
carrier 34 is distributed into the sun gear 31 and the ring 
gear 32 according to the gear ratio. While the motor MG1 

20 functions as a motor, on the other hand, the power output 
from the engine 22 and input through the carrier 34 is 
combined with the power output from the motor MG1 and input 
through the sun gear 31 and the composite power is output 

23 



to the ring gear 32. The ring gear 32 is mechanically 
linked with front driving wheels 39a and 39b via a belt 
36, a gear mechanism 37, and a differential gear 38. The 
power output to the ring gear 32 is thus transmitted to 
the driving wheels 39a and 39b via the belt 36, the gear 
mechanism 37, and the differential gear 38. The power 
output apparatus has three shafts linked with the power 
distribution and integration mechanism 30. The three 
shafts include the crankshaft 26 that is coupled with the 
carrier 34 and is the output shaft of the engine 22, a sun 
gear shaft 31a that is coupled with the sun gear 31 and 
is a rotating shaft of the motor MG1 , and a ring gear shaft 
32a that is coupled with the ring gear 32 and is 
mechanically linked with the driving wheels 39a and 39b. 

Both the motors MG1 and MG2 are known synchronous 
motor generators that are driven as a generator and as a 
motor. The motors MG1 and MG2 transmit electric power to 
and from a battery 50 via inverters 41 and 42. Power lines 
54 that connect the inverters 41 and 42 with the battery 
50 are constructed as a positive electrode bus line and 
a negative electrode bus line shared by the inverters 41 
and 42. This arrangement enables the electric power 
generated by one of the motors MG1 and MG2 to be consumed 
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by the other motor. The battery 50 is charged with a 
surplus of the electric power generated by the motor MG1 
or MG2 and is discharged to supplement an insufficiency 
of the electric power. When the power balance is attained 
5 between the motors MG1 and MG2 , the battery 50 is neither 
charged nor discharged. Operations of both the motors MG1 
and MG2 are controlled by a motor electronic control unit 
(hereafter referred to as motor ECU) 40. The motor ECU 
40 receives diverse signals required for controlling the 

10 operations of the motors MG1 and MG2 , for example, signals 
from rotational position detection sensors 43 and 44 that 
detect the rotational positions of rotors in the motors 
MG1 and MG2 and phase currents applied to the motors MG1 
and MG2 and measured by current sensors (not shown) . The 

15 motor ECU 40 outputs switching control signals to the 
inverters 41 and 42. The motor ECU 40 communicates with 
the hybrid electronic control unit 70 to control 
operations of the motors MG1 and MG2 in response to control 
signals transmitted from the hybrid electronic control 

20 unit 70 while outputting data relating to the operating 
conditions of the motors MG1 and MG2 to the hybrid 
electronic control unit 70 according to the requirements. 
The battery 50 is under control of a battery electronic 



control unit (hereafter referred to as battery ECU) 52. 
The battery ECU 52 receives diverse signals required for 
control of the battery 50, for example, an inter- terminal 
voltage measured by a voltage sensor (not shown) disposed 
between terminals of the battery 50, a charge- discharge 
current measured by a current sensor (not shown) attached 
to the power line 54 connected with the output terminal 
of the battery 50, and a battery temperature measured by 
a temperature sensor (not shown) attached to the battery 
50. The battery ECU 52 outputs data relating to the state 
of the battery 50 to the hybrid electronic control unit 
70 via communication according to the requirements. The 
battery ECU 52 calculates a state of charge ( SOC ) of the 
battery 50, based on the accumulated charge-discharge 
current measured by the current sensor, for control of the 
battery 50. 

The oil pump 60 is constructed as an internal gear 
pump driven by the crankshaft 26 and feeds the supply of 
lubricating oil kept in a sump 62 to the mechanical part 
including the power distribution integration mechanism 
30. 

The hybrid electronic control unit 70 is constructed 
as a microprocessor and includes a CPU 72, a ROM 74 that 
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stores processing programs, a RAM 76 that temporarily 
stores data, a timer 78 that counts time, an input-output 
port (not shown), and a communication port (not shown). 
The hybrid electronic control unit 70 receives various 
5 measurement data via the input port; motor temperatures 
from temperature sensors 45 and 46 attached to the motors 
MG1 and MG2 , an oil temperature from a temperature sensor 
attached to the sump 62, an ignition signal from an 
ignition switch 80, a gearshift position SP from a 

10 gearshift position sensor 82 that detects the position of 
a gearshift lever 81, an accelerator opening AP from an 
accelerator pedal position sensor 84 that detects the 
step-on amount of an accelerator pedal 83, a brake pedal 
position BP from a brake pedal position sensor 86 that 

15 detects the step-on amount of a brake pedal 85, and a 
vehicle speed V from a vehicle speed sensor 88 . The hybrid 
electronic control unit 70 is connected with the engine 
ECU 24, the motor ECU 40, and the battery ECU 52 via the 
communication port as discussed above and transmits 

20 various control signals and data to and from the engine 
ECU 24, the motor ECU 40, and the battery ECU 52. 

The hybrid vehicle 20 of the embodiment has a motor 
(not shown) that is capable of inputting and outputting 



27 



power from and to an axle of left and right rear wheels 
through transmission of electric power to and from the 
battery 50. This motor of inputting and outputting power 
from and to the axle of left and right rear wheels and the 
5 control procedure of the motor are not characteristic of 
the present invention and are thus not specifically 
described here. 

The following describes the operations of the hybrid 
vehicle 20 of the embodiment thus constructed. The 

10 description especially regards actuation control of the 
oil pump 60 in response to an ON operation of the ignition 
switch 80 and actuation control of the oil pump 60 in an 
EV drive mode that causes the hybrid vehicle 20 to run with 
the power from the motor MG2 while the engine 22 is at a 

15 stop. 

Fig. 2 is a flowchart showing a start- time oil pump 
actuation routine executed by the hybrid electronic 
control unit 70 in response to an ON operation of the 
ignition switch 80 in the embodiment. When the program 
20 enters this routine, the CPU 72 of the hybrid electronic 
control unit 70 first reads an elapsed time t since a 
previous stop of drive from the timer 78, an oil 
temperature To-1 and temperatures Tl-1 and T2-1 of the 



motors MG1 and MG2 at the time of the previous stop of drive , 
which are stored in a preset area of the RAM 76, a current 
oil temperature To measured by the temperature sensor 64, 
current temperatures Tl and T2 of the motors MG1 and MG2 
5 measured by the temperature sensors 45 and 46, and a 
cooling water temperature T2 of the engine 22 measured by 
the water temperature sensor 25 (step S100) . In response 
to an OFF operation of the ignition switch 80 at the time 
of the previous stop of drive, an end-of-drive processing 

10 routine shown in the flowchart of Fig. 3 is executed by 
the hybrid electronic control unit 70 to store the elapsed 
time t since the previous stop of drive and the oil 
temperature To-1 and the temperatures Tl-1 and T2-1 of the 
motors MG1 and MG2 at the time of the previous stop of drive 

15 into the preset area of the RAM 76 and to set the timer 
78. According to the end-of-drive processing routine of 
Fig. 3, the CPU 72 of the hybrid electronic control unit 
70 reads the oil temperature To and the temperatures Tl 
and T2 of the motors MG1 and MG2 measured by the temperature 

20 sensors 64, 45, and 46 (step S200), stores the input oil 
temperature To and motor temperatures Tl and T2 into the 
preset area of the RAM 76 (step S202), and sets the timer 
78 (step S204). Among the data input at step S100 in the 
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flowchart of Fig. 2, the cooling water temperature Tw is 
received from the engine ECU 24 via communication. 

After reading the respective values, the CPU 72 
successively determines whether the input elapsed time t 
5 since the previous stop of drive is not less than a preset 
reference time tref (step S102), whether the input oil 
temperature To-1 at the time of previous stop of drive is 
not less than a preset 1 st oil temperature Tori ( step S104 ) , 
whether the input temperature Tl-1 of the motor MG1 at the 

10 time of previous stop of drive is not less than a preset 
1 st motor 1 temperature Tlrl (step S106) , whether the input 
temperature T2-1 of the motor MG2 at the time of previous 
stop of drive is not less than a preset 1 st motor 2 
temperature T2rl (step S108), whether the input current 

15 oil temperature To is not greater than a preset 2 nd oil 
temperature Tor2 (step S110), whether the input current 
temperature Tl of the motor MG1 is not greater than a preset 
2 nd motor 1 temperature Tlr2 (step S112) , whether the input 
current temperature T2 of the motor MG2 is not greater than 

20 a preset 2 nd motor 2 temperature T2r2 (step S114), and 
whether the input current cooling water temperature Tw of 
the engine 22 is not greater than a preset cooling water 
temperature Twr (step S116). 



The supply of lubricating oil fed to the power 
distribution integration mechanism 30 drips to be 
accumulated in the sump 62 with elapse of time. The preset 
reference time tref is accordingly set as a time period 
5 requiring a new supply of lubricating oil to the power 
distribution integration mechanism 30. The lubricating 
oil fed to the power distribution integration mechanism 
30 has the lower viscosity with the higher oil temperature 
at the time of stop of drive. The preset 1 st oil 

10 temperature Tori is accordingly set by reflecting the 
easiness in dripping of the lubricating oil from the power 
distribution integration mechanism 30. The temperatures 
Tl-1 and T2-1 of the motors MG1 and MG2 at the time of 
previous stop of drive reflect the oil temperature at the 

15 moment. As in the case of the preset 1 st oil temperature 
Tori, the preset 1 st motor 1 temperature Tlrl and the preset 
1 st motor 2 temperature T2rl are thus set by reflecting 
the easiness in dripping of the lubricating oil from the 
power distribution integration mechanism 30. The 

20 temperature of the lubricating oil reflects the elapsed 
time since the previous stop of drive and the difficulty 
in circulation of the lubricating oil. The preset 2 nd oil 
temperature Tor2 is thus set by taking into account the 
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time period requiring a new supply of lubricating oil and 
the viscosity suitable for the sufficient lubricating 
performance of the lubricating oil. The current 
temperatures Tl and T2 of the motors MG1 and MG2 reflect 
the current oil temperature. As in the case of the preset 
2 nd oil temperature Tor2 , the preset 2 nd motor 1 temperature 
Tlr2 and the preset 2 nd motor 2 temperature T2r2 are thus 
set by taking into account the time period requiring a new 
supply of lubricating oil and the viscosity suitable for 
the sufficient lubricating performance of the lubricating 
oil. The current cooling water temperature Tw of the 
engine 22 reflects the current oil temperature. As in the 
case of the preset 2 nd oil temperature Tor2 f the preset 
cooling water temperature Twr is thus set by taking into 
account the time period requiring a new supply of 
lubricating oil and the viscosity suitable for the 
sufficient lubricating performance of the lubricating 
oil. 

In the case of a negative answer at all the decision 
points S102 through S116, the CPU 72 determines that a new 
supply of lubricating oil is not required and terminates 
the start- time oil pump actuation routine. In the case 
of an affirmative answer at any of the decision points S102 
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through S116, on the other hand, the CPU 72 determines that 
a new supply of lubricating oil is required and controls 
actuation of the motor MG1 to rotate the crankshaft 26 of 
the engine 22 at an idling engine speed for a predetermined 
5 time period (step S118) . The program then exits from this 
start- time oil pump actuation routine. Rotation of the 
crankshaft 26 at the idling engine speed actuates the oil 
pump 60 , which works to feed a new supply of lubricating 
oil from the sump 62 to the mechanical part including the 

10 power distribution integration mechanism 30 . The control 
stops rotation of the crankshaft 26 after elapse of the 
predetermined time period, which is set to be sufficient 
for the supply of lubricating oil. Further rotation of 
the crankshaft 26 causes an undesirable overall energy 

15 loss of the power output apparatus. In order to rotate 
the crankshaft 26 at the idling engine speed, the sun gear 
shaft 31a is rotated by the motor MG1 at a revolving speed 
Nsl calculated by Equation (1) given below: 
Nsl = Nel(l + p) / p (1) 

20 Here Nel denotes the idling speed of the engine 22 and p 
denotes a gear ratio (a ratio of the number of teeth of 
the sun gear to the number of teeth of the ring gear) in 
the power distribution integration mechanism 30. Fig. 4 
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is an alignment chart of the power distribution 
integration mechanism 30 when the crankshaft 26 rotates 
at the idling engine speed Nel. In the chart of Fig. 4, 
S, C, and R respectively represent the sun gear, the 
5 carrier, and the ring gear. 

As discussed above, the hybrid vehicle 20 of the 
embodiment executes the start-time oil pump actuation 
routine in response to the ON operation of the ignition 
switch 80 to determine the requirement for a supply of 

10 lubricating oil to the mechanical part including the power 
distribution integration mechanism 30 at the start time 
and actually feed the supply of lubricating oil to the 
mechanical part including the power distribution 
integration mechanism 30 according to the requirements. 

15 When the supply of lubricating oil is required, actuation 
of the motor MG1 is controlled to rotate the crankshaft 
26 for only the predetermined time period at the idling 
engine speed that allows for supply of the lubricating oil. 
This arrangement desirably prevents unnecessary energy 

20 consumption and thereby improves the overall energy 
efficiency of the whole power output apparatus. 

The start-time oil pump actuation routine of the 
embodiment consecutively gives decisions with regard to 



the elapsed time t since the previous stop of drive, the 
oil temperature To-1 at the time of previous stop of drive, 
the temperature Tl-1 of the motor MG1 at the time of 
previous stop of drive, the temperature T2-1 of the motor 
MG2 at the time of previous stop of drive, the current oil 
temperature To, the current temperature Tl of the motor 
MG1, the current temperature T2 of the motor MG2 , and the 
cooling water temperature Tw of the engine 22. These 
decisions may be made inconsecutively . As other 
modifications, only one of these decisions may be made or 
any combination of these decisions may be made. Another 
modification does not make any of these decisions but 
controls actuation of the motor MG1 to rotate the 
crankshaft 26 at the idling engine speed for a 
predetermined time period without any conditions in 
response to the ON operation of the ignition switch 80. 
Still another modification controls actuation of the motor 
MG1 to rotate the crankshaft 26 at a predetermined 
revolving speed (for example, the idling engine speed) for 
a predetermined time period in an EV drive mode, based on 
the result of any of the above decisions. In the EV drive 
mode, the hybrid vehicle 20 starts running with only the 
power from the motor MG2 in response to the ON operation 
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of the ignition switch 80, while the engine 22 is at a stop. 

In the structure of the embodiment , the cooling water 
temperature Tw of the engine 22 reflecting the oil 
temperature To is used for the decision . The cooling water 
temperature Tw of the engine 22 may be replaced with the 
temperature of the engine 22, since the temperature of the 
engine 22 also reflects the oil temperature To. 

The following describes control of actuation of the 
oil pump 60 in the EV drive mode, where the hybrid vehicle 
20 runs with only the power from the motor MG2 while the 
engine 22 is at a stop. Fig. 5 is a flowchart showing an 
EV drive-mode oil pump actuation routine executed by the 
hybrid electronic control unit 70 in the EV drive mode in 
the embodiment. This routine is repeatedly carried out 
at preset time intervals (for example, at every 5 minutes) . 

When the program enters the EV-drive mode oil pump 
actuation routine, the CPU 72 of the hybrid electronic 
control unit 70 first reads the oil temperature To measured 
by the temperature sensor 64, the temperatures Tl and T2 
of the motors MG1 and MG2 measured by the temperature 
sensors 45 and 46, and revolving speed Nl and N2 of the 
motors MG1 and MG2 (step S300). The revolving speed Nl 
and N2 of the motors MG1 and MG2 are received from the motor 
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ECU 40 via communication. The revolving speeds Nl and N2 
of the motors MG1 and MG2 respectively represent the 
revolving speed of the sun gear shaft 31a as the rotating 
shaft connecting with the power distribution integration 
5 mechanism 30 and the revolving speed of the ring gear shaft 
32a as the drive shaft connecting with the power 
distribution integration mechanism 30. 

After reading the respective values, the CPU 72 
successively determines whether the input oil temperature 

10 To is not less than a preset 3 rd oil temperature Tor3 (step 
S302), whether the input temperature Tl of the motor MG1 
is not less than a preset 3 rd motor 1 temperature Tlr3 (step 
S304), whether the input temperature T2 of the motor MG2 
is not less than a preset 3 rd motor 2 temperature T2r3 (step 

15 S306), whether the input revolving speed Nl of the motor 
MG1 is not less than a preset motor 1 revolving speed Nlr 
(step S308), and whether the input revolving speed N2 of 
the motor MG2 is not less than a preset motor 2 revolving 
speed N2r (step S310) . Here the preset 3 rd oil temperature 

20 Tor3 is set in a specific range that prevents burn-out of 
the mechanical part including the power distribution 
integration mechanism 30. The temperatures Tl and T2 of 
the motors MG1 and MG2 reflect the oil temperature To. As 
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in the case of the preset 3 rd oil temperature Tor3, the 
preset 3 rd motor 1 temperature Tlr3 and the preset 3 rd motor 
2 temperature T2r3 are thus set in the specific range that 
prevents burn-out of the mechanical part including the 
power distribution integration mechanism 30. The 
revolving speeds Nl and N2 of the motors MG1 and MG2 reflect 
the potential for a burn-out of the mechanical part 
including the power distribution integration mechanism 30 . 
The preset motor 1 revolving speed Nlr and the preset motor 
2 revolving speed N2r are thus set in the specific range 
that prevents a burn-out of the mechanical part including 
the power distribution integration mechanism 30. 

In the case of a negative answer at all the decision 
points S302 through S310, the CPU 72 determines that a new 
supply of lubricating oil is not required and terminates 
the EV-drive mode oil pump actuation routine. In the case 
of an affirmative answer at any of the decision points S302 
through S310, on the other hand, the CPU 72 determines that 
a new supply of lubricating oil is required and controls 
actuation of the motor MG1 to rotate the crankshaft 26 of 
the engine 22 at the idling engine speed for a 
predetermined time period in the EV drive mode ( step S312 ) . 
The program then exits from this EV-drive mode oil pump 
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actuation routine. As discussed previously, rotation of 
the crankshaft 26 at the idling engine speed actuates the 
oil pump 60 , which works to feed a new supply of lubricating 
oil from the sump 62 to the mechanical part including the 
5 power distribution integration mechanism 30 . The control 
stops rotation of the crankshaft 26 after elapse of the 
predetermined time period, which is set to be sufficient 
for the supply of lubricating oil. Further rotation of 
the crankshaft 26 causes an undesirable overall energy 
10 loss of the power output apparatus. In order to rotate 
the crankshaft 26 at the idling engine speed in the EV drive 
mode, the sun gear shaft 31a is rotated by the motor MG1 
at a revolving speed Ns2 calculated by Equation (2) given 
below: 

15 Ns2 = Nr2 - (Nr2 - Nel) (l + p) / p (2) 

Here Nr2 denotes the revolving speed of the ring gear 32 
that is identical with the revolving speed N2 of the motor 
MG2 . Fig. 6 is an alignment chart of the power 
distribution integration mechanism 30 before the 

20 crankshaft 26 rotates at the idling engine speed in the 
EV drive mode. Fig. 7 is an alignment chart of the power 
distribution integration mechanism 30 when the crankshaft 
26 rotates at the idling engine speed in the EV drive mode. 



As discussed above, the hybrid vehicle 20 of the 
embodiment executes the EV-drive mode oil pump actuation 
routine to determine the requirement for a supply of 
lubricating oil to the mechanical part including the power 
distribution integration mechanism 30 in the EV drive mode 
and actually feed the supply of lubricating oil to the 
mechanical part including the power distribution 
integration mechanism 30 according to the requirements. 
When the supply of lubricating oil is required, actuation 
of the motor MG1 is controlled to rotate the crankshaft 
26 for only the predetermined time period at the idling 
engine speed that allows for supply of the lubricating oil. 
This arrangement desirably prevents unnecessary energy 
consumption and thereby improves the overall energy 
efficiency of the whole power output apparatus. 

The EV-drive mode oil pump actuation routine of the 
embodiment consecutively gives decisions with regard to 
the oil temperature To, the temperature Tl of the motor 
MG1 , the temperature T2 of the motor MG2 , the revolving 
speed Nl of the motor MG1 , and the revolving speed N2 of 
the motor MG2. These decisions may be made 

inconsecutively . As other modifications, only one of 
these decisions may be made or any combination of these 
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decisions may be made. Another modification does not make 
any of these decisions but controls actuation of the motor 
MG1 to rotate the crankshaft 26 at a preset revolving speed 
(for example, the idling engine speed) for a predetermined 
time period at every elapse of a specified time period. 

The above embodiment regards the hybrid vehicle 20 
with the power output apparatus mounted thereon. The 
power output apparatus of the embodiment may be mounted 
on vehicles other than automobiles, for example, trains, 
as well as on aircraft, boats and ships, and construction 
machines . 

The above embodiment is to be considered in all 
aspects as illustrative and not restrictive. There may be 
many modifications, changes, and alterations without 
departing from the scope or sprit of the main 
characteristics of the present invention. All changes 
within the meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 
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